JP1994196023A 

Bibliographic Fields 

Document Identity 

(I9)[*fTB] 

B*Sftt*Jf (JP) 
(12)[ft«M»J] 

»BM$lttt«(A) 
(ll)[aBB##] 
*#gg¥6-196023 
(43)[fiHB] 

¥$6^(1994)7^158 

Public Availability 

(43)[4MBB] 

¥J$6^(1994)7^15B 

Technical 
(54)[#§0JO)«ft] 

(5i)[BB»»»«»5K] 

H01B5/14A 

B32B 9/04 2126-4F 

C08J 7/06 B 

C23C 14/06 9271-4K 

14/08 9271-4K 

HO IB 13/00 503 B 7244-5G 

5 

7 

Filing 

(21) [tUHH] 

^H¥4- 342849 

(22) [UHB] 

¥lS4^(1992)12^22B 



1994-7-15 



(19) [Publication Office] 

Japan Patent Office (JP) 

(12) [Kind of Document] 

Unexamined Patent Publication (A) 

(11) [Publication Number of Unexamined Application] 

Japan Unexamined Patent Publication Hei 6- 196023 

(43) [Publication Date of Unexamined Application] 

1994(1994) July 15* 

(43) [Publication Date of Unexamined Application] 
1994(1994) July 15* 

(54) [Title of Invention] 

TRANSPARENT CONDUCTIVE FILM AND ITS 
MANUFACTURING METHOD 

(51) [International Patent Classification, 5th Edition] 

H01B5/14A 

B32B9/04 2126-4F 

C08J 7/06 B 

C23C 14/06 9271-41- 

14/08 9271-4K 

HO IB 13/00 503 B 7244-54- 

[Number of Claims] 

5 

[Number of Pages in Document] 
7 

[Request for Examination] 
Unrequested 

(21) [Application Number] 

Japan Patent Application Hei 4- 342849 

(22) [Application Date] 
1992(1992) December 22* 



Page 1 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser. No. 6,490,548; Pat. Pending Ser. No. 10/367,296) 



JP1994196023A 

Parties 

Applicants 

(71) [ffllSA] 

000000941 

[ft*Xli*ft] 

*E»*Kfli*E+ift3Tl2*4* 

Inventors 

(72) [£BJ!#] 
[ft*] 

US 

^«5lS^lf|5ilTffiSE±ft = /§;W50-39 g 
53-7K+JII303 

(72)[#gBj3#] 

[ft*] 

# H« 

[ttBrXligiff] 

JlfcJjWF rliftfflBtf 0JBT5T g 1 1 -3-4 
07 

(72)[£ffl#] 
[ft*] 

^J»!R^PrtTffi|E^SSW7Tg1§ite737 
^**205^S 

(72)[fgBjJ#] 
[ft*] 

*RJ»»+r|i*ft»r4-6-1 ;U*g+121 

Agents 
(74)[ftSA] 



1994-7-15 



(71) [Applicant] 
[Identification Number] 
000000941 

[Name] 

KANEKA CORPORATION (DB 69-053-5406) 
[Address] 

Osaka Prefecture Osaka City Kita-ku Nakanoshima 3-Chome 
2-4 

(72) [Inventor] 
[Name] 
Miyazaki ** 
[Address] 

Kyoto Prefecture Kyoto City Saikyo-ku *** [no] Miya *50- 
39 5th Coop Nakagawa 303 

(72) [Inventor] 

[Name] 

Hayashi *apex 
[Address] 

Hyogo Prefecture Kobe City Nagata-ku Katayama-cho 
5-Chome 11-3- 407 

(72) [Inventor] 

[Name] 

Matsumoto Kenji 
[Address] 

Hyogo Prefecture Kobe City Nishi-ku Gakuen Nishi-machi 
7-1 737*tower205** 

(72) [Inventor] 

[Name] 

Saiki Koji 

[Address] 

Osaka Prefecture Toyonaka City Hokujo *4- 6- 1 [rune] 
**121 

(74) [Attorney(s) Representing All Applicants] 



Page 2 Paterra® InstantMT® Machine Translation (U.S. Pat. Ser. No. 6,490,548; Pat Pending Ser. No. 10/367,296) 



* 



JP1994196023A 
[#£±] 

Ui* £K 
Abstract 

[itt] 

cfctfiSHHttlcflMt, 4o^;uA*«taW/< 



MIA] 

***BSfc*©aw/<u 

20-100nm ©»*"T?»rt**t, S&lC-f >5/^A 

K1bft«±fte*«MKftfta>a9i*mtt 

»S?b< 20~200nm ©Jf*^»ia*;hfcaWiB 

w/^j-v-ttWHoanaa*^ imi/m 2 /B 
juTi3ckt;*iiftaaaE^ lg/rf/BBiT-e* 
y, ^o7-f;uA»staw/<u^-tt»Hit 
ioog/cm ja±-cfc«, mmmn&y 



Claims 

-r^^JiaftHBoaBB/^j-v-ttsiR^ 

20-100nm <Dff#T?}»fiM?*l % >5/^A 
itfc**±{*fc«fcBiMbtt©aiifl»«tt 
»HA< 20~200nm ©J?*TJBJS**lfcaW3l 



&:?^uAStt£#fraw/^*H±«S©i& 

*SiSJSA< lml/mVBiaTfc*tf*IS«aa 
JtA< lg/m 2 /BJ*ATT?fey. fr07-fJUA**fc 
aW/<U-VHtWKfc©tt»**« lOOg/cm lil 

[11*412] 



1994-7-15 

[Patent Attorney] 
[Name] 

Yamamoto Shusaku 

(57) [Abstract] 
[Objective] 

It is superior in moisture barrier property , oxygen barrier 
property , electrical conductivity , and transparency it offers 
transparent conductive film and its manufacturing method 
where at same time adhesion force of film substrate and 
transparent barrier property thin film islarge. 

[Constitution] 

On transparent film substrate , transparent barrier property 
thin film of metal nitride which designates metal oxide , or the 
silicon nitride which designates silicon oxide as main 
component as main component to beformed with thickness of 
20 - 100 nm , furthermore with transparent conductive film 
where transparent electrically conductive thin film of metal 
oxide which designates indium oxide as main component was 
formed with thickness of 20 - 200 nm , oxygen permeability 
of transparent barrier property thin film which includes said 
film substrate 1 ml /m<sup>2</sup>/day or less and water 
vapor permeability 1 g/m<sup>2</sup>/day orless, At same 
time adhesion force of film substrate and transparent barrier 
property thin film is 100 g/cm or more transparent conductive 
film . 



[Claim(s)] 
[Claim 1] 

With transparent conductive film where transparent 
electrically conductive thin film of metal oxide where on 
transparent film substrate , the transparent barrier property 
thin film of metal nitride which designates metal oxide , or 
silicon nitride whichdesignates silicon oxide as main 
component as main component is formed with the thickness 
of 20 - 100 nm , furthermore designates indium oxide as main 
component was formed with thickness of 20 - 200 nm , 

oxygen permeability of transparent barrier property thin film 
which includes said film substrate 1 ml /m<sup>2</sup>/day 
or less and water vapor permeability 1 g/m<sup>2</sup>/day 
or less, at same time adhesion force of film substrate and 
transparent barrier property thin film is 100 g/cm or more , 

transparent conductive film . 

[Claim 2] 
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sheet resistance of transparent conductive film being 100:oa 
/square or below , at same time light transmittance is 75% or 
more , transparent conductive film . which is stated in Claim 1 

[Claim 3] 

Aforementioned transparent film substrate is polyarylate film 
substrate , transparent conductive film . which is stated in 
Claim 1 or 2 

[Claim 4] 

On transparent film substrate , on step, and said transparent 
barrier property thin film which form transparent barrier 
property thin film of the metal nitride which designates metal 
oxide , or silicon nitride which designates the silicon oxide as 
main component with magnetron sputtering method , as main 
component , step which forms transparent electrically 
conductive thin film of metal oxide which designates indium 
oxide as main component with magnetron sputtering method , 
is included, 

manufacturing method . of transparent conductive film 
[Claim 5] 

film formation power density on target with 1.0 - 4.0 W/cm 
<sup>2</sup>, at same time the film forming process 
pressure being 1 X 10<sup>-3</sup>~3X 
10<sup>-3</sup>Torr in magnetron sputtering method which 
forms aforementioned transparent barrier property thin 
film ,film formation power density on target with 0.1 - 2.0 
W/cm <sup>2</sup>, at same time the film forming process 
pressure is 3 X 10<sup>-3</sup>~9X 10<sup>-3</sup>Torr 
in magnetron sputtering method which forms aforementioned 
transparent electrically conductive thin film ,manufacturing 
method . of transparent conductive film which is stated in 
Claim 4 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

As for this invention, moisture barrier property , oxygen 
barrier property or other gas barrier property , electrical 
conductivity and transparency being satisfactory, at thesame 
time adhesion force of film substrate and transparent barrier 
property thin film regards sufficient transparent conductive 
film audits manufacturing method . 

[0002] 

[Prior Art] 

Attendant upon quick progress of electronics technology, 
transparent electrode , whereapplication to photoelectric 
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exchange element etc for liquid crystal display element , solar 
battery is advancedfurthermore, improvement of characteristic 
of preferred electrically conductive thin film has become 
urgentbusiness in said transparent electrode or other 
application . 

[0003] 

Generally, transparent electrode a this way is acquired 
forming electrically conductive thin film on the glass 
substrate . 

As example of product which is acquired by forming 
electrically conductive thin film on the glass substrate , 
electrically conductive glass etc which formed electrically 
conductive thin film ITO glass , gold * silver etc which 
formed thin film formed thin film with tin oxide etc by NESA 
glass , indium oxide which andwith blend (ITO ) of tin oxide 
is informed. 

But, it is weak in impact in glass which it uses as substrate ,it 
is heavy, mere is not a flexibility , there is a or other 
deficiency which surface area enlarging isdifficult to do. 

[0004] 

In order to supply those deficiency , transparent conductive 
film which designates for example plastic film as substrate is 
produced. 

There is a good quality or other benefit of ease , fabricability 
of impact resistance , flexibility , light weight , surface area 
enlarging in plastic film 5 transparent electrical conductivity 
film which designates plastic film as substrate , utilizing the 
this benefit , is used for film , infrared light reflective film etc 
for liquid crystal display element , touch panel , antistatic . 

[0005] 

Presently, transparent conductive film is utilized widely with 
electronics display device field , both of the electrical 
conductivity and transparency is superior as transparent 
electrically conductive thin film which is used for 
that, furthermore ITO thin film is mainstream from fact that 
patterning iseasy. 

[0006] 

vacuum vapor deposition method , sputtering method , ion 
plating method etc is known as method which forms 
aforementioned ITO thin film on plastic film substrate . 

Among these, adhesion to film is good, uniformity of film 
isgood, control of film quality is easy, from or other reason 
where the productivity is good, magnetron sputtering method 
is mainly utilized. 

[0007] 
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When generally, single plastic film material is used as 
substrate , it is not possible tosatisfy oxygen barrier property , 
moisture barrier property , solvent resistance or other 
characteristics . 

Because of that, administering undercoating and surface 
treatment vis-a-vis the film material , it can use those which 
composite making it does. 

coating method , sputtering method or other known method is 
used to composite making , but composite making was widely 
used untilrecently with coating method . 

EVAR resin coating is designated as in order to grant oxygen 
barrier property in composite making , usually with coating 
method , but cement is necessary the heat resistance of 
composite making material where and, EVAR resin itself heat 
resistance becomes insufficient, ispossible was insufficient . 

vapor deposition SiO<sub>X</sub> it was normal with 
sputtering method regarding composite making ,to do, but to 
obtain necessary barrier property , thickness of 60 nm extent 
beingnecessary, when it becomes this thickness , crack is easy 
to occur,there is a or other problem which it is easy to color. 

Furthermore, as for sufficient moisture barrier property 
material there was not a oxygen barrier property . 

this other things, on production step , sufficient adhesion 
force of film substrate and thin film layer becomes necessary 
in substrate for liquid crystal display element , but there is a 
or other problem where thin film stripping or other disorder 
occurs in patterning . 

[0008] 

[Problems to be Solved by the Invention] 

As for this invention, being something which it tries to solve 
theabove-mentioned deficiency , as for objective , it is to offer 
transparent conductive film where moisture barrier property , 
oxygen barrier property or other gas barrier property , 
electrical conductivity and transparency are satisfactory. 

With transparent conductive film where as for other objective 
of this invention , on the transparent film substrate , barrier 
property thin film and electrically conductive thin film are 
laminated, possess theabove-mentioned performance , it is to 
offer transparent conductive film which is superior in 
adhesiveness of film substrate and transparent barrier property 
thin film . 

[0009] 

Other objective of this invention is to offer manufacturing 
method of that kind of transparent conductive film . 

[0010] 
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[Means to Solve the Problems] 

As for these inventors as for result of doing diligent research 
in order tosolve aforementioned problem , when forming 
transparent barrier property thin film and transparent 
electrically conductive thin film on film substrate with 
sputtering method , by fact that film formation condition is 
control led,gas barrier property , electrical conductivity and 
transparency being satisfactory, at same time adhesion force 
of film substrate and transparent barrier property thin film fact 
that sufficient transparent conductive film is acquired 
wasdiscovered, this invention was completed. 

[0011] 

With transparent conductive film where transparent 
electrically conductive thin film of metal oxide where as for 
transparent conductive film of this invention , on transparent 
film substrate , transparent barrier property thin film of metal 
nitride which designates the metal oxide , or silicon nitride 
which designates silicon oxide as main component as the 
main component is formed with thickness of 20 - 100 nm , 
furthermoredesignates indium oxide as main component was 
formed with thickness of 20 -200 nm ; oxygen permeability of 
transparent barrier property thin film which includes said film 
substrate 1 ml /m<sup>2</sup>/day or less and water vapor 
permeability 1 g/m<sup>2</sup>/day or less, at same time 
adhesion force of film substrate and transparent barrier 
property thin film being 100 g/cm or more , above-mentioned 
objective is achieved; withespecially. 

[0012] 

manufacturing method of transparent conductive film of this 
invention on transparent film substrate , on step, and the said 
transparent barrier property thin film which form transparent 
barrier property thin film of metal nitride which designates 
metal oxide , or silicon nitride which designates silicon oxide 
as main component with magnetron sputtering method , as 
main component , includes step which forms transparent 
electrically conductive thin film of metal oxide 
whichdesignates indium oxide as main component with 
magnetron sputtering method , Above-mentioned objective is 
achieved with especially. 

[0013] 

transparent film substrate which is used for transparent 
conductive film of this invention is formed from the 
transparent plastic film , thickness with substrate of range of 
20 - 200;mu m , preferably 75~125;mu m , light transmittance 
is 85% or more , preferably 90% or more , it is a film where 
smoothness of the surface is satisfactory. 

[0014] 

If thickness of aforementioned substrate is 20 - 200;mu m , 
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the light transmittance becomes 85% or more , smoothness of 
surface is satisfactory, the thickness of film is easy to be 
acquired uniform transparent conductive film . 

When light transmittance of aforementioned substrate is 90% 
or more , clarity of transparent conductive film which was 
formed and being satisfactory, at same timebecause 
smoothness of surface of transparent conductive film and it 
becomessatisfactory, etching or other micro fabrication ability 
improve. 

In addition, when light transmittance of aforementioned 
substrate is under 85%,because clarity of transparent 
conductive film which was drawn up becomes low, it isnot 
desirable generally. 

[0015] 

polyarylate (PAR ), polyethylene terephthalate (PET ), 
polycarbonate (PC ), polyether sulfone (PES ), you can list 
polysulfone , polyamide , cellulose triacetate (TAC ) etc, as 
plastic material which forms above-mentioned plastic 
film ,but it is not limited in these. 



In above-mentioned plastic material , transparency is high, it 
is suitable inorder polyarylate which is superior in heat 
resistance is desirable, to use for application of especially 
liquid crystal display element . 

[0016] 

Above-mentioned plastic film is not limited in film which is 
formedfrom single material , with improvement or other 
objective of improvement of adhesion strength of film 
substrate and transparent barrier property thin film , 
improvement and solvent resistance of gas barrier 
property ,making use of composite film where various 
undercoating or surface treatment areadministered is good. 

At time of composite making , it can use coating method or 
sputtering method or other known method . 

[0017] 

transparent barrier property thin film which is formed on 
above-mentioned transparent film substrate is formed with 
metal oxide , which designates silicon oxide as main 
component or metal nitride whichdesignates silicon nitride as 
main component , as for thickness in range of 20 -100 nm , 
preferably 25~60nm , oxygen permeability with 5 ml 
/m<sup>2</sup>/day or less and below preferably 1ml 
/m<sup>2</sup>/day , the water vapor permeability below 
preferably lg/m<sup>2</sup>/day is 5 g/m<sup>2</sup>/day 
or less and. 

When thickness is under 20 nm , gas barrier property being 
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insufficient , itbecomes desirable, when it exceeds 100 nm , 
crack easy, to occuris not desirable. 

[0018] 

metal oxide which designates above-mentioned silicon oxide 
as main component is silicon dioxide , or or with blend which 
designates this as main component ,at least 1 kind of silicon 
monooxide , aluminum oxide or other metal oxide can be 
contained in said blend . 

metal nitride which designates above-mentioned silicon 
nitride as main component is silicon nitride , or or with blend 
which designates this as main component ,at least 1 kind of 
aluminum nitride or other metal nitride can be contained in 
said blend . 

[0019] 

As these compound , you can list SiO<sub>X</sub>, SiAIN 
etc. 

oxygen barrier property and moisture barrier property being 
fully among these compound , value of SiO<sub>X</sub>, 
especially x 1.3 - 1.8, regarding transparent barrier property 
thin film which uses compound which is a preferably 1.5, it is 
desirable from fact that the adhesion force for transparent film 
substrate of transparent barrier property thin film is revealed. 

[0020] 

transparent electrically conductive thin film which is formed 
on transparent barrier property thin film is formed with metal 
oxide whichdesignates indium oxide as main component , 
thickness is range of 20 - 200 nm , preferably 50-1 50nm . 

As for this thin film , light transmittance of preferably 80% or 
more , furthermore being preferably 85% or more , preferably 
sheet resistance 100:oa /square or below , furthermore is 
preferably 50:oa /square or below . 

When thickness of above-mentioned transparent electrically 
conductive thin film is range of 60 - 150 nm , it is easy to do 
to adjust both parties of light transmittance and the sheet 
resistance in preferred range (80% or more , 100:oa /square or 
below ). 

When above-mentioned thickness is under 20 nm , sheet 
resistance becomesl00:oa /square or more , is not desirable, 
when it exceeds 200 nm , light transmittance becomes 80% or 
less , in addition also crack is easy to occur, is notdesirable. 

When above-mentioned light transmittance is 85% extent or 
greater , because transparency of the transparent conductive 
film which was formed is satisfactory especially it is 
desirable. 

[0021] 
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metal oxide which designates above-mentioned indium oxide 
as main component is indium oxide , or or with blend which 
designates this as main component , in said blend , indium 
oxide is contained at ratio of 80 weight % or more , preferably 
90~95weight %, metal oxide of tin oxide , cadmium oxide or 
other , one kind or more can be contained at ratio of 20 
weight % or less , preferably 5~10weight %. 

[0022] 

As these compound , ITO (blend of indium oxide and tin 
oxide ), you can list Cd In <sub>2</sub>0<sub>4</sub> etc. 

When among these compound , compound where with 
especially metal conversion the tin is contained at ratio of 10 
weight % or less , preferably 5~10weight % is used, 
transparent electrically conductive thin film which isacquired 
transparency is high, because sheet resistance is low, is 
desirable. 

transparent conductive film of this invention on for example 
above-mentioned transparent film substrate is producedby fact 
that transparent barrier property thin film and transparent 
electrically conductive thin film are formed with magnetron 
sputtering method . 

[0023] 

When transparent barrier property thin film is formed on film 
substrate , it can use mixed sinter of the metal nitride which 
designates mixed sinter , or silicon nitride of metal oxide 
whichdesignates above-mentioned silicon oxide as main 
component as target whichis used, as main component . 

Especially, it is desirable to use composite oxide sinter of 
silicon dioxide and the silicon monooxide . 

As gas composition at time of sputtering , it can use those 
which add the oxygen , hydrogen etc argon or other inert gas , 
or with this as main component . 

As entire gas pressure , range of 1 X 10<sup>-3</sup>~3X 
10<sup>-3</sup>Torr is desirable. 

When it is under 1 X 10<sup>-3</sup>Torr , when discharge 
becomes unstable , is notdesirable, exceeds 3 X 
10<sup>-3</sup>Torr , transparent barrier property thin film 
does not show sufficient gas barrier property , is notdesirable. 

As for power supply which you use, because target of barrier 
charge is insulating material , high frequency power supply 
(Below, RF it does ) is desirable, film formation it is desirable 
with power density as RF 1 .0~4.0W/cm <sup>2</sup> to do. 

When it is under RF l.OW/cm <sup>2</sup>, when adhesion 
force for film substrate of transparent barrier property thin 
film which was formed becomes insufficient , is not desirable, 
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exceeds the RF 4.0W/cm <sup>2</sup>, deficient cooling of 
target happens, target is a possibility the breakage of doing 
and is not desirable. 

thickness of transparent barrier property thin film which was 
formed this way with 20 - 100 nm , is preferably 25~60nm . 

[0024] 

When transparent electrically conductive thin film is formed 
on transparent barrier property thin film , it can use composite 
oxide sinter of the metal oxide which designates indium oxide 
as main component as target which isused. 

Especially, it is desirable to use sinter of ITO . 

As ratio of indium oxide and tin oxide in ITO , 
theabove-mentioned way, tin it is desirable with metal 
conversion tocontain at ratio of 10 weight % or less . 

gas composition at time of sputtering is similar to case of 
theabove-mentioned transparent barrier property thin film . 

As entire gas pressure , range of 3 X 10<sup>-3</sup>~9X 
10<sup>-3</sup>Torr is desirable. 

When it is under 3 X 10<sup>-3</sup>Torr , warp of 
transparent electrically conductive thin film is large because 
the internal stress of transparent electrically conductive thin 
film increases either, because adhesion force in addition for 
film substrate of transparent electrically conductive thin film 
and transparent barrier property thin film decreases, 
exfoliation thederrick up is easy or, is not desirable. 

In addition, when it exceeds 9 X 10<sup>-3</sup>Torr , not 
to be a practical , it is notdesirable because sheet resistance 
quite becomes large. 

As added gas , in case of for example ITO thin film , it is 
desirable to control the oxygen partial pressure inside 0 - 
5.0% ranges of entire gas pressure . 

When oxygen partial pressure , it exceeds 5.0%, sheet 
resistance becomes 100:oa /square or more , isnot desirable. 

As for power supply which you use, direct current power 
source (Below, DC it does ) is desirable from the viewpoint of 
productivity . 

film formation it is desirable with power density of DC0.1 
-2.0 W/cm <sup>2</sup> to do, furthermore film formation it 
is desirable under preferably , 1.2W/cm <sup>2</sup> to do. 

When power density is under 0. 1 W/cm <sup>2</sup>, there 
is a possibility productivity becoming low and it becomes 
desirable, when power density exceeds 2.0 W/cm 
<sup>2</sup> , warp of ITO thin film large because internal 
stress of ITO thin film becomes large, because adhesion force 
in addition for film substrate of the transparent electrically 
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[0026] 
[StffiGQ] 

BIT. **iH**lt«l=*-3^rttWr*3b<. 



^uaSI OX-TRAN100 Zm^XfflfeL. ml/m 2 / 



[0027] 

(2) 7k«ft/N*y^-tt 

a*KK*a(*-y^a)Jis-z^)208 i-s-^t 
a«Lfc. 

[0028] 

(3) S/-HSfit 

aw»att7Y;uA©'>-h«tt*Ha«-«tft 
*aaai=*tTa3eLfc. 

[0029] 

ffift*U7rU>XtLr » 550nm VOmm 

**tt7<r;uA©#«aa**a#*-caL 
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conductive thin film and transparent barrier property thin film 
decreases, there is a possibility of causingexfoliation etc, It is 
not desirable. 

thickness of transparent electrically conductive thin film is 20 
- 200 nm , preferably 5(M50nm . 

Because thicker one decreases electrical resistance , it is 
desirable, but you bendand time you are easy to cause crack 
etc. 

[0025] 

Because as for transparent conductive film which it acquires 
this way, moisture barrier property , oxygen barrier property 
or other gas barrier property , electrical conductivity and 
transparency being satisfactory, at same time adhesion force 
of the film substrate and transparent barrier property thin film 
is fully , it is used for ideal for liquid crystal cell substrate , 
liquid crystal display element or other application . 

[0026] 

[Working Example(s)] 

Below, this invention is explained on basis of Working 
Example , but this invention is not limited in this. 

In evaluation in Working Example , it did evaluation of 
transparent conductive film which isacquired, with 
below-mentioned method . 

(1) oxygen barrier property 

oxygen barrier property of transparent barrier property thin 
film which was formed on film substrate , it measuredmaking 
use of United States Modern Controls supplied 
OX-TRAN100, indicated with unit of ml 
/m<sup>2</sup>/day . 

[0027] 

(2) moisture barrier property 

It measured moisture barrier property of transparent barrier 
property thin film which was formed on film substrate , 
onbasis of moisture permeability test method (cup method ) 
JIS -Z-0208 of moisture-proofing packaging material . 

[0028] 

(3) sheet resistance 

sheet resistance of transparent conductive film was measured 
according to four probes resistance measurement method. 

[0029] 

(4) light transmittance 

With air as reference , light transmittance of transparent 
conductive film with wavelength 550nm wasdisplayed with 
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[0030] 
(5)tt©* 

JIS-C-2107.Z-0237 (C*CT. SSBiltt^ 
JUACD 90 a3l*MLtt»*£SljeLfc. 

[0031] 

(StlMf i) 

&mtLXm*+tf 125/im«)jKUTUU-haW 
?^UA£<£fflU Eg 6 -f >^(D$-^yh£ 2 

5t£tt£{ HSM-720 S)£ffll>T, SW/^J-V- 

hirLT SiOi.stffll\X/<^*XfcLTTiUir 

gfXE 1.0xi0" 3 Torr 6J:tf#XXl 
lOsccm , 9 - ft ft L T . 
RF400W(2J5W/cm 2 ).X/*j/*B#Pel 1.5 ftfflO) 
£#T*J*ll£fT5i:,30nm ®V^03n/^J 

H/*'J*-tt»«JBl*T, ±E(l)fc*tf(2) 
[0032] 

tt»K*»«Lfc. 



^-^hturiiafcxxjt 10 a»%o ito 

g^XE 7.0 x 10 _3 Torr fc <fc itf X 8£ ■ 
20sccm , — ftfttLT 

DC0.6A250V(0.88W/cm 2 ), X/<?9lftfll| 3 »M 
(Dftft-CBtKSftlV lOOnm (Off *MDaHW 

C0}J:5lcLr»6tlfcaW«3ltt^-<;UAlc 
OUT, ±E(3H5)flia)«RSfT-3fco 

±Ea>x/^ftftfc*i;Ktt<Dis**a i i= 



percent . 
[0030] 

(5) adhesion force 

According to JIS -C-2107, Z-0237, 90 degrees of transparent 
conductive film it pulled and peeled andmeasured adhesion 
force . 

[0031] 

(Working Example 1) 

transparent barrier property thin film and transparent 
electrical conductivity thin film were formed on sequential 
film substrate making use of the magnetron sputter machine 
(Shimadzu Corporation (DB 69-055-8747 ) KK make 
HSM-720 type) to which thickness uses polyarylate 
transparent film of 125;mu m as substrate , 2 has target of 
diameter 6inch . 

When forming transparent barrier property thin film , as target 
only argon was used makinguse of SiO<sub>1.5</sub>, as 
sputter gas . 

As entire gas pressure 1.0X 10<sup>-3</sup>Torr and gas 
flow lOsccm , power condition , when RF 400W (2.35 W/cm 
<sup>2</sup> ), film formation isdone with condition of 
sputtering time 1 .5 min , transparent barrier property thin film 
of thickness of 30 nm acquired. 

It tested above-mentioned (1) and (2) section making use of 
the transparent barrier property thin film which was formed 
on film substrate this way. 

[0032] 

Next, transparent electrical conductivity thin film was formed 
on this transparent barrier property thin film . 

condition of that time is as follows. 

As target those which oxygen 1% are added were used for the 
argon making use of ITO of tin oxide Comparative Example 1 
Oweight %, as sputter gas . 

DC0.6A250V (0.88 W/cm <sup>2</sup> ), film formation 
was done with condition of sputtering time 3 min as theentire 
gas pressure 7.0X 10<sup>-3</sup>Torr and gas flow 
20sccm , power condition , transparent electrical conductivity 
thin film of thickness of 100 nm acquired. 

Description above (3) - it tested Claim (5) concerning 
transparent electrical conductivity film which it acquires this 
way. 

Above-mentioned sputter condition and result of test are 
shown in Table 1 . 



'ik&CDtt&M 1 fc<fctf 2 l:iOL*T : fc»l^lf$l-!£i£ It tested in same way concerning later mentioned 
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0.5ml/m 2 /B.7K^^/^J-V-tt^ 0.5g/m 2 /S, 
fc«fctfft**A< 150g/cm"C**aW»«tt7-r 



[0034] 

(tfc&09 l) 

DC1.6A250V(2.35W/cni 2 )i:LfrCi:^miSJ6 

« i mmzLx, aw**it7-f ;uas^«l 
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[0035] 

attkfl 2) 



SB^m^tt»H^fi)cfSB#(D^P-lrXE*^ 7.0 
x 10- 3 Torr frb 1.0 x 10- 3 Torr [CTlf ThtflSf'S 



[0036] 
[Si] 
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Comparative Examples 1 and 2 . 

It shows also those results together in Table 1 . 

[0033] 

When film formation it does with film formation power of 
transparent barrier property thin film as 2.35 W/cm 
<sup>2</sup>, the sheet resistance 74:oa /square , light 
transmittance 79%, oxygen barrier property acquired 0.5 ml 
/m<sup>2</sup>/day , moisture barrier property transparent 
conductive film where0.5 g/m<sup>2</sup>/day , and 
adhesion force are 150 g/cm . 

[0034] 

(Comparative Example 1) 

film formation power of transparent electrical conductivity 
thin film DC1.6A250V (2.35 W/cm <sup>2</sup> ) with 
other than thing which isdone transparent conductive film was 
drawn up with as similar to Working Example 1 . 

Result is shown in Table 1 . 

From 0.88 W/cm <sup>2</sup> increasing film formation 
power of transparent electrical conductivity thin film to 2.35 
W/cm <sup>2</sup>, when film formation it does, adhesion 
force thin film layer peeled off with 20 g/cm and insufficient . 

[0035] 

(Comparative Example 2) 

Other than thing which designates process pressure at time of 
the film formation of transparent electrical conductivity thin 
film as 1.0 X 10<sup>-3</sup>Torr transparent conductive 
film was drawn up with as similarto Working Example 1. 

Result is shown in Table 1 . 

process pressure at time of film formation of transparent 
electrical conductivity thin film lowering to 1.0 X 
10<sup>-3</sup>Torr from 7.0 X 10<sup>-3</sup>Torr , 
when film formation it does, sheet resistance becomes 
35:oa/square , although transparent electrical conductivity 
thin film where electrical resistance is low is acquired, 
because adhesion force becomes insufficient, exfoliation 
happened. 

[0036] 

[Table 1] 
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[0037] 

200 x 700mm 2 (D$—fyh& 2 ^(S^/rV^h 

£isLc-i5SM)£tefflL-c, *a>*9i=a?a*» 

*«iLTW*6< 125// m ©iWJU-HSfl 

KfcffXE 1.4 x 10' 3 Torr cfc # * SS » 
lOOsccm % ftfrtLT, 
RF1000W(UlW/cm 2 ), X/^£B$53 7.5 flfdJO) 

ftfrcj*i«*ff5i.40nm «>JV*<D99i/tu 



[0037] 

(Working Example 2 ) 

Using magnetron sputtering apparatus (Shimadzu Corporation 
(DB 69-055-8747 ) KK make SLC-15S form ) which 2 has 
target of 200 X 700mm <sup>2</sup>, followingway it drew 
up transparent electrical conductivity film . 

thickness used polyarylate transparent film of 125;mu m as 
substrate . 

When forming transparent barrier property thin film , as target 
only argon was used makinguse of SiO<sub>1.5</sub>, as 
sputter gas . 

As entire gas pressure 1.4X 10<sup>-3</sup>Torr and gas 
flow lOOsccm , power condition , when RF 1000W (1.11 
W/cm <sup>2</sup> ), film formation isdone with condition 
of sputtering time 7.5 min , transparent barrier property thin 
film of thickness of 40 nm acquired. 

It tested above-mentioned (l).and (2) section making use of 
the transparent barrier property thin film which was formed 
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on film substrate this way. 

Next, this transparent transparent barrier property thin film 
transparent transparent electrical conductivity thin film it 
formed. 

condition of that time is as follows. 

As target making use of ITO of tin oxide Comparative 
Example 1 Oweight %, as sputter gas the DC0.5A300V (0.17 
W/cm <sup>2</sup> ), film formation was done with 
condition of sputtering time 30minute 1% are addedmaking 
use of those which to argon , oxygen as entire gas pressure 
5. OX 10<sup>-3</sup>Torr and gas flow 50sccm , power 
condition , transparent electrical conductivity thin film of 
thickness of 100 nm acquired. 

Description above (3) - it tested Claim (5) concerning 
transparent electrical conductivity film which it acquires. 

Above-mentioned sputter condition and result of test are 
shown in Table 2 . 

It tested in same way concerning later mentioned 
Comparative Example 3. 

It shows also those results together in Table 2 . 

[0038] 

When film formation it does with film formation power of 
transparent barrier property thin film as 1 . 1 1 W/cm 
<sup>2</sup>, the sheet resistance 50:oa /square , light 
transmittance 80%, oxygen barrier property acquired 1 .0 ml 
/m<sup>2</sup>/day , moisture barrier property transparent 
conductive film whereO.5 g/m<sup>2</sup>/day , and 
adhesion force are 150 g/cm . 

[0039] 

(Comparative Example 3) 

Other than thing which designates process pressure at time of 
the film formation of transparent electrical conductivity thin 
film as 1.0 X 10<sup>-3</sup>Torr transparent electrical 
conductivity film was drawn up with as similarto Working 
Example 2 . 

When process pressure at time of film formation of 
transparent electrical conductivity thin film it lowers to 1.0 X 
10<sup>-3</sup>Torr from 5.0 X 10<sup>-3</sup>Torr , 
although sheet resistance 45:oa /square , light transmittance 
are acquired80%, oxygen barrier property transparent 
electrical conductivity film where 1.0 ml 
/m<sup>2</sup>/day , moisture barrier property are 0.5 
g/m<sup>2</sup>/day , adhesion force decreased 20 g/cm , it 
was adhesion force insufficient and exfoliationoccurred. 

[0040] 
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aw7-f;uA»*t«fflLn^*fc»K, w« 



[0041] 

[Effects of the Invention] 

According to this invention , oxygen barrier property , 
moisture barrier property , electrical conductivity , 
transparency or other characteristics is satisfied, at same time, 
the transparent conductive film which possesses characteristic 
which calls film substrate and of transparent barrier property 
thin film adhesion force 100 g/cm or more , cannot acquire so 
far can be offered. 

this film can be manufactured by fact that film formation 
condition of transparent barrier property thin film and 
transparent electrical conductivity thin film is controlled 
appropriately. 

Because transparent film substrate is used, this transparent 
conductive film which also good quality or other feature of 
ease , fabricability of impact resistance , light weight , 
flexibility , surface area enlarging has is utilized in various 
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^^^ffl7^UA<tLTffii§lwffjt^btl'5o application , isused for ideal as film for especially liquid 

crystal display element . 
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